The index of refraction and density of 44 soda-alumina-silica glasses and the thermal expansion of 29 of the glasses were det ermined. The composition of the glasses, which varied from 1 to 10 percent alumina, 19 to 45 percent soda, and 50 to 78 percent silica, was determined by chemical analyses. The data are given in tabular form and graphs are presented from which the index of refraction, density, critical and softening temperatures, and the linear thermal expansion from room temperature to these t emperatures can be predicted with reasonable accuracy for any glass in the series studied. The substitution of alumina for soda and silica in the proper ratios will give glasses having the same refractivity, density, and expansion as the original soda-silica glass ; these ratios are approximately 1:1.8, 1:1, and 1 :1.5, respectively. On the expansivity for a given t emperature range the effect is about the same same as that of silica.
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INTRODUCTION
Certain relations between chemical composition of some soda-limesilica glasses and their index of refraction, density, and thermal expansion are given in three previous reports. 1 This report is the result of a study of similar relations for a series of soda-alumina-silica glasses.
In the first report the purpose of the general study was given, the method of making glasses was described, essential parts of the methods of chemical analysis and the condition of annealing were outlined, and the method of measuring index of refraction was detailed. Density determinations were discussed in the second report and the third report contained the necessary details for measuring thermal expansions.
Since the soda-alumina-silica glasses were made and handled in the same way as the soda-lime-silica glasses, descriptions of the methods involved will not be repeated in this report.
II. SCOPE
Forty-four glasses, containing approximately from 1 to 10 percent alumina, 50 to 78 percent silica, and 19 to 45 percent soda, were made and tested. The index of refraction for sodium light, and the density at approximately 20° C were determined for all the glasses; the thermal expansion and critical and softening temperatures were determined for only 29 of them. All the data obtained, including chemical composition, are given in table l. 
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III. CHANGES IN THE OBSERVED PROPERTIES OF THE GLASSES WITH CHANGES IN COMPOSITION
Correlation of the measured properties and composition of the glasses, as shown in figures 1 to 4, was based on the procedure used FIGURE I.-Relation between composition and index of refraction of some sodasilica-alumina glasses.
for density-composition relations described in the following paragraph. 2 The data were first plotted on a triordinate diagram according to their compositions. Then lines of constant density were obtained by first interpolating graphically between several pairs of neighboring points so chosen as to be near to a trial constant density value, and then sketching the lines through the interpolated points. The inter- sections of these lines with the silica-soda base line were established from the published data for that series of glasses. The effects of changes in composition on index of refraction, density, critical temperature, and total expansion from room temperature to the critical temperature, and on softening temperature and the total expansion from room temperature to the softening temperature are indicated in figures 1, 2, 3, and 4, respectively.
I The (ollowing type o( correlation was also worked out, but is not reported here. An algebraic solution, based on the previously reported (actors (or silica and soda, was used to determine factors (or alumina, and from these (actors constant density and refractivity lines were drawn on triordinate diagrams. This procedure necessarily yielded" break lines" (discussed in the report on density of the soda·lime glasses) running obliquely across the di.agrams, dividing the field into four areas, corresponding to the number o(silica·soda groups. Very little weight could be attached to the locations of these lines, however, owing partly to the limited amount o( alumina present and partly to the (act that the total changes in the magnitude of the properties measured were relatively small.
The difference between the observed value of any of the properties of the alumina glasses and the value read from the approprIate figure is given parenthetically in table 1. Similar differences for the alumina-free glasses were presented in the reports previously cited.
It can be shown from a study of the graphs that additions of alumina to the soda-silica glasses should not significantly change the Temperatures are given in °0 and expansions in I'/cm. refractivity, density, or expansion to the softening point if, for the amount of alumina added, the silica and soda are reduced in the ratio 1:1.8, 1:1, or 1:1.5, respectively; the expansion to the critical temperatures changes, however, the ratio of substitution in the highsilica region being about 1 :0.22 and in the low-silica region about 1:1. In the report on expansion of the soda-lime-silica glasses equations were given for computing the expansions of these glasses in any range ~ Percent Si O2 between 25 and 450° C. Following the procedure used for evaluating the constants in those equations, constants were computed from the data on the soda-alumina-silica glasses, with the following results: a=0 .00043t-0.0000003t 2 b=0.00274t+0.0000035t' d=0.0000lt-0.0000003t2 in which Eis the linear thermal expansion, in microns per centimeter, between 25° C and any temperature T less than 400° C, t= T-25, A, B, and D are the percentages of silica, soda, and alumina, respectively, and a, b, and d are the indicated functions of temperatures. Although these constants were computed without respect to those previously reported,3 it is noteworthy that the expansions for the sodasilica glasses computed from either set of constants for silica and soda are about the same. The average deviation (with approximately equal distribution between positive and negative values) of the calculated from the observed values of E at temperature intervals of 50 0 between 100 and 400 0 C, increased from 0.3 micron per centimeter at lOOo C to 1.0 micron per centimeter at 400 0 C, the maximum individual deviation being 2.5 microns per centimeter. Attention should be directed to the fact that the substitution of alumina for silica produces a very slight reduction in expansion to 400° C. This agrees with the conclusion reached by Turner and his coworkers 4 that the effect of alumina on expansion may be about the same as that of silica.
E=aA+bB+dD
It may also be stated that, where comparisons can be made, the refractivity and density of the alumina glasses reported by us agree reasonably well with the results reported by Turner and his coworkers 5 if the small amounts of impurities in their glasses are taken into consideration. 
